ABSTRACT -The occurrence of polyembryony was investigated in 75 woody species of the Cerrado in central Brazil and the xerophilous Caatinga vegetation in northeastern Brazil. Fourteen species showed polyembryony, a type of anomalous angiospermous reproduction. Polyembryony is reported for the first time for nine genera, Astronium, Byrsonima, Cariniana, Copaifera, Hancornia, Magonia, Myracrodruon, Tabebuia, and Tapirira. The positive correlation found between polyembryony, sexual reproduction, and apomictic processes suggests that a number of angiospermous species may make regular use of multiple breeding systems.
Introduction
Flowering plants (angiosperms) reproduce through sexual (amphimictic) and asexual (apomictic) processes. Apomixis (asexual seed development or agamospermy, with three main mechanisms, apospory, diplospory, and adventitious embryony), polyspory (bispory and tetraspory), and polyembryony (the formation of more than one embryo per ovule) are the three most common forms of angiospermous anomalous reproduction (Carman 1997) .
A number of recent studies showed the existence of apomixis in shrubs and trees of Cerrado (Oliveira et al. 1992; Saraiva et al. 1996; Goldenberg & Shepherd 1998) , the rutaceous treelet Galipea jasminiflora in the state of São Paulo (Piedade & Ranga 1993) , as well as the melastomaceous tree Henriettea succosa in a remnant of neotropical forest near the city of Recife (Melo & Machado 1996) . Comparatively, research on polyembryony in woody species from the Brazilian neotropics has lagged behind. This study aims at documenting polyembryony in neotropical Brazilian trees.
Material and methods
Polyembryony was observed in 75 species belonging to 28 angiosperm families (Table 1) . Seeds were collected from different vegetation forms of the Brazilian biomes Cerrado and Caatinga in the states of Bahia, Goiás, Minas Gerais, and Pernambuco. Germination tests were conducted with four replications of 20 or 25 seeds, moistened towel paper, in a chamber at 25°C incubation temperature. The experiments took place from 1992 through 1999. Polyembryony was counted positive when two or more seedlings emerged from individually germinated seeds. Specimen vouchers were deposited at the Embrapa Recursos Genéticos e Biotecnologia herbarium (CEN) 
Results and Discussion
Polyembryony was recorded in 14 arboreal species in 12 angiosperm families, i.e. close to 20 per cent of the species examined (Table 2) .
Seedlings from the same seed showed uniform development in Genipa americana, Cariniana estrellensis, Hancornia speciosa, Tabebuia ochracea, Copaifera langsdorffii, and Acacia polyphylla. Seedlings from the other polyembryonic species varied in development, particularly in size ( Figs. 1 and 2) .
Nine genera do not appear in Carman's (1997) comprehensive review on polyembryony and apomixis. This study represents the first record of polyembryony for the following angiosperm woody genera: Astronium, Byrsonima, Cariniana, Copaifera, Hancornia, Magonia, Myracrodruon, Tabebuia, and Tapirira.
The association recorded for polyembryony, gametophytic apomixis, and polyploidy (Mogie 1992; Asker & Jerling 1992; Carman 1997) suggests that a number of angiosperm species may make regular use of mixed mating systems to perpetuate themselves. This hypothesis is confirmed for three of the 14 polyembryonic species documented in this communication. These species tested positive in the field for functional (autonomous) apomixis, through bagging experiments, Astronium fraxinifolium (Allem 1991) , Eriotheca pubescens (Oliveira et al. 1992) , and Genipa americana (Crestana 1995) .
The occurrence of polyembryony in Commiphora lepthophloeos from Caatinga suggests that this species may also be apomictic since Commiphora whigtii, in India, has shown both anomalies simultaneously (Gupta et al. 1996) . It is widely believed that most if not all Fig. 1 . Polyembryonic seedlings of woody angiospermous species of the Brazilian Cerrado and Caatinga. A, Copaifera langsdorffii, 7-day old; B, Tapirira guianensis, 20-day old; C, Cariniana estrellensis, 7-day old; D, Genipa americana, 12-day old; E, Acacia polyphylla, 10-day old; F, Hancornia speciosa, 12-day old. apomicts are facultative sexuals (Asker & Jerling 1992; Carman 1997) .
Apomictic speciation is suspected to occur in a number of angiosperm groups (UrbanskaWorytkiewicz 1974) . Her thought has been strenghtened by Carman's (1997) double conclusion that an apomictic evolutionary trend seems discernible in part of the angiosperms, while apomixis may eventually act as the springboard toward the formation of new angiosperm genera and species.
As recently as 1979, examples of apomixis in the tropics came principally from weeds or from well-documented case-studies in Andropogoneae and Paniceae (Connor 1979) . As late as 1992, comprehensive treatments on apomixis (Mogie 1992; Asker & Jerling 1992) showed virtually nothing on arboreal apomixis in the tropics.
This showed that compilative efforts were not being coordinated. Another example that compilations may not be representative of the real incidence of the phenomenon in angiosperms is from the Anacardiaceae, Naumova (1993) Khokhlov (1976) states that 80 families and over 300 genera present apomixis. Tisserat et al. (1979) updated the 37 families reported by Nygren (1954) and indicated 59 families and 138 genera. Naumova (1993) only tabulated adventitious embryony and registered 57 families, 121 genera, and 250 species.
She regards instances of adventitious embryony as de facto evidence that apomixis simultaneously occurred in the species, since at least one adventitious polyembryonic seedling is asexual. By implication, all 250 species compiled by her are at least facultative apomicts.
A similar viewpoint was taken by Koltunow (1993) who, following Asker & Jerling (1992) , stated that most plants with gametophytic apomixis (apospory and diplospory) are polyploids, while genera with adventitious embryony (a third apomictic mechanism also known as sporophytic apomixis) are ordinarily diploids. The latest comprehensive treatment on anomalous angiospermous reproduction (Carman 1997) tabulated reproductive data of 348 angiosperm families and obtained the following results: 1) apomixis exists in 126 genera of 33 families; 2) adventitious embryony exists in 53 families; 3) polyembryony was the most common anomaly recorded, occurring in 255 genera of 115 families and 4) at least one form of anomalous reproduction was found in 506 genera of 163 families (Table 3) . The possibility that the occurrence of polyembryony may regularly indicate the simultaneous presence of apomixis in the species (Hanna & Bashaw 1987; Carman 1997 ) is a working hypothesis worth further investigation. If true, figures for both angiospermous polyembryony and apomixis are likely to increase. Carman (1997) recorded 33 apomictic families. He regarded apomixis as composed of two main mechanisms, apospory and diplospory.
Because he considered adventitious embryony a form of polyembryony, he separately listed 53 distinct angiosperm families with this reproductive anomaly. However, a number of authors (e.g., Baker et al. 1983; Naumova 1993; Koltunow 1993) regard adventitious embryony as a third major process of apomixis. If this latter interpretation is used, Carman's figures on apomixis increase to 86 angiosperm families, a figure remarkably similar to that held by Khokhlov for angiosperms (Table 3) . Moreover, if this thinking holds, it means that a quarter of all families of flowering plants contain apomictic genera and species, i.e. 80-86 families out of 348 tabulated. In addition, considering that there exists 460 angiosperm families and that reproductive data are missing for 112 of them (Carman 1997) , it is only appropriate to await further studies of anomalous angiosperm reproduction before making a final conclusion.
Future reviews will in all likelihood expand the above figures. A randomly-chosen indication of this trend, there has been the recent report of apomixis in five Boehmeria species (Zang & Zhao 1996) . This figure is significant since it amounts to 10% of the species of the genus. Forthcoming comprehensive reviews on the angiosperms are expected to disclose more apomictic families, genera and species. For example, apomixis exists in the euphorbiaceous herb Phyllanthus odontadenius (Bancilhon 1971) , as well as in the herbaceous weedy species P. amarus; however, the genus Phyllanthus does not appear in any of the studies examined in this text. Another example, Vochysia tucanorum, a tree from Cerrado, is a facultative apomict (Costa et al. 1992) . That was the first record of apomixis for the family Vochysiaceae, which, likewise, is missing in all of the above discussed treatments.
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